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CHAPTER 1. INTRODUCTION

1-1. Purpose. The purpose of this manual is to present data accrued
from experience and research that may be useful to Corps of Engineers
hydraulic designers concerned with the design of control valves for
navigation lock filling and emptying systems. Primarily, the objective
is to consider the hydrodynamic forces that enter into the design of
valves. However, the interrelationship of structural features, opera-
tional procedures, and hydraulic performance will be discussed when
pertinent to an understanding of the problems involved. Consideration
will be given only to valves used to control flow in relatively long
culverts. Valves in tubes with a length less than about 5 diameters,
such as might be installed in or around the lock service gates, present
a somewhat different type of design problem than those installed in
longer culverts;, and since they are rarely used in any but very low-lift
modern locks, they will be omitted from the discussion. Service gates
which in themselves either constitute the primary filling system or are
used as auxiliary devices, such as vertical-lift gates, tainter gates,
sector gates, bascule gates, etc., also will not be treated in this
manual.

1-2. Applicability. The provisions of this manual are applicable to
Corps of Engineers Divisions and Districts concerned with civil works
design, construction, and operational maintenance.
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1-4. Typical Filling and Emptying System. The most common type of
filling and emptying system used in modern locks has a longitudinal cul-
vert in each lock wall extending from the upper pool to the lower pool,
with a streamlined intake at the upstream end and a diffusion device at
the downstream end. Flow is distributed from the longitudinal culverts
in and out of the lock chamber by short ports or secondary culverts in
the floor of the lock chamber. Two valves are required in each longi-
tudinal culvert, one between the intake and the lock chamber manifold
to release flow in the filling operation, and the other between the
chamber manifold and the discharge diffuser to empty the lock chamber.

1-5. Types of Lock Valves.

a. In 1930 the America; Society of Civil Engineers published a
manual on lock culvert valves which described valves at 12 projects,
"all of reasonably recent construction." At these 12 projects, seven
types of valves were used, namely stoney gate, cylindrical, wagon body,
butterfly, spool, slide gate, and tainter. However, since about 1930,
tainter valves (an adaptation of the tainter gate developed by Jeremiah
B. Tainter and patented by him in 1885 for control of flows over spill-
way crests) have been used almost exclusively in hydraulic systems of
major locks in North America. Among the first locks in which tainter
valves were used are Lock No. 2 on the Mississippi River, completed in
1930, and the Welland Ship Canal Locks in Canada, completed in 1933.
The valves in these and several other installations were oriented in the
manner of the conventional tainter gate, that is, with the trunnions
downstream of the skin plate causing the convex surface of the skin
plate to face the flow and seal along the upstream end of the valve well.
When the Pickwick Lock on the Tennessee River was being designed for a
lift of 65 ft, model tests showed that during the opening period the
pressure gradient immediately downstream of the valve skin plate dropped
below the top of the culvert; this caused large volumes of air to be
drawn down the valve well and into the culvert. The air formed large
pockets in the model culvert which restricted the flow until sufficient
pressure was developed to expel the air through the ports or into the
downstream bulkhead recess. Air expelled through the ports erupted at
the water surface in the lock chamber with considerable violence, caus-
ing disturbances that would be hazardous to small craft.
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b. By reversing the tainter valves, that is, placing the trun-
nions upstream of the skin plate with the convex surface of the skin
plate facing downstream and sealing against the downstream end of the
valve well, air was prevented from entering the culvert at the valve
recess. A typical reverse tainter valve installation is shown in
figure l-l. Valves of this general type have been used on all major
locks constructed by the Corps of Engineers in recent years.

c. Since data collected in the past 40 years have been concerned
with reverse tainter valves, this type of valve will be used in examples
in this manual. The reverse tainter valve certainly has proved very
satisfactory, it probably will be desirable at most new projects, and
its continued use is advocated. However, the designer should consider
other types of valves. For instance, if submergence is such that air
definitely will not be drawn down the valve well and into the culvert,
the use of a tainter valve in the normal position may prove desirable.
With the valve in the normal position, loads and load variations on the
valve hoist caused by flowing water will be negligible.n Structural-
design of the trunnion anchorages probably would be simplified. Further,
depending upon whether the position of the valve in the lock wall is
upstream or downstream from the lock gate, use of the normal position
for the tainter valve may prevent large differentials between the water
in the valve well and the lock chamber or lower pool. Also, vertical-
lift gates which are used extensively in outlet conduits should be
suitable as lock culvert valves. The vertical-lift valve would not re-
quire the large recess that is necessary with a tainter valve. With
one spare gate at an installation, maintenance could be performed with-
out taking the culvert out of service as is necessary with the tainter
valve. However, the vertical-lift valve's rollers, wheels, or sliding
surfaces might require considerably more servicing than do the elements
of the tainter valve. If a vertical-lift valve is considered, certain
of the procedures given in this manual could be used in design; but it
is suggested that model tests be conducted to develop an optimum bottom
shape for the gate and to determine valve hoist loads.
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Figure 1-1. Typical reverse tainter valve installation
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